Background. The aims of this study were to determine whether a modified Qigong breathing exercise can reduce the sense of hunger and identify possible mechanisms. Methods. The results from the test group, which performed the exercise, are compared with the control group, which performed deep breathing. Intestinal pressure measurements, stomach pH monitoring, and participant surveys were used for assessment. Results. Stomach pH was increased by 3 (0.2) and intestinal pressure was reduced by 12 (0.5) mm Hg in the experimental group and did not change significantly in the control group. The study provides strong evidence that the exercise can significantly reduce, or even suppress the sense of hunger on an empty stomach. Conclusion. This breathing exercise provides comfort in different circumstances, such as lack of regular meals, limited volume or caloric diet, and even during temporary complete absence of food in therapeutic fasting. Obesity is a major health problem in the United States. The National Institutes of Health (NIH) weight categories define overweight people with the body mass index (BMI) of 25 to 29.9 kg/m 2 , obese with BMI of 30 to 35 kg/m 2 , and severely obese with BMI >35 kg/m 2 . 1 According to the most recent data, adult obesity rate is close to 38% nationwide, 2 exceeding 35% in 4 states, 30% in 25 states, and is more than 20% in all states. Louisiana has the highest adult obesity rate of 36.2% and Colorado has the lowest at 20.2%. 
Obesity is a major health problem in the United States. The National Institutes of Health (NIH) weight categories define overweight people with the body mass index (BMI) of 25 to 29.9 kg/m 2 , obese with BMI of 30 to 35 kg/m 2 , and severely obese with BMI >35 kg/m 2 . 1 According to the most recent data, adult obesity rate is close to 38% nationwide, 2 exceeding 35% in 4 states, 30% in 25 states, and is more than 20% in all states. Louisiana has the highest adult obesity rate of 36.2% and Colorado has the lowest at 20.2%. 3 NIH reports obesity as one of the leading health risk factors for mortality and morbidity. Allison et al 4 reported that an estimated 300 000 deaths are due to the obesity epidemic each year in the United States, which is the second leading cause of preventable death following tobacco use. 4 Besides morbidity attributed to obesity, most prevalent medical diagnosis, including diabetes, hypertension, cardiovascular disease, are all related to overweight and obesity. Thus, prevention and treatment of overweight and obesity should be one of the top health care priorities in order to improve health care outcomes and save health care dollars.
Major reasons causing excessive weight gain are availability and abundance of high-calories food, 5 along with sedentary modern lifestyle. 5, 6 Suggested treatments of obesity include dietary therapy, physical activity, combined therapy, behavior therapy, pharmacotherapy, surgery, and other interventions. 1 Today, dietary restrictions and vigorous exercises are the primary means of treating obesity offered by the health care providers. If diet and exercise are not effective, doctors resort to bariatric surgery. Balloon in the stomach or bariatric surgery, which reduces its volume, leads to satiety when less food is consumed. 7, 8 The sense of hunger is believed to be the main motive of food intake. Many people report that it is the main reason for overeating and resulting excess weight. Physiologically, the senses of hunger and satiety are processed in the central nervous system of animals and humans. Hypothalamus in the midbrain performs an integral function in the formation of these senses, and is recognized as regulator. [9] [10] [11] These 2 senses are referred to as basic behavior motivators. Imbalance between satiety and hunger may lead to food rejection and consequent exhaustion, or overeating and consequent excess weight and obesity. 12 Some researchers consider hunger as a result of changes in body's biochemistry. Receptors that respond to glucose levels in the blood, certain hormones or metabolism products, affect the hypothalamus, changing feeding behavior. 13 Pharmaceutical and nutritional dietary recommendations are based on this knowledge.
Other researchers believe that the senses of hunger and satiety are directly related to pressure on the stomach or intestinal walls.
14 For example, the sense of hunger disappears when stomach is stretched and is present with no pressure. 15, 16 Inflated balloon stretching the stomach walls inhibits feeding behavior in animals. Modern bariatric surgery is based on this principle. 17, 18 Controlling the sense of hunger is the critical first step in successful dietary therapy, as well as the aim of bariatric surgery to control body weight and treat obesity. However, methods of controlling the sense of hunger without chemicals and surgical procedures would be more beneficial, considering the side effects of pharmaceutical approach and the risks of surgical procedures.
Acupuncture and Qigong as ancient Chinese traditional medicine have been documented to be effective in treating obesity. 19 Literature showing that the desire to eat and the feeling of hunger, along with prospective food consumption in patients with obesity can be significantly reduced by acupuncture combined with electroacupuncture and ear point tapping. [20] [21] [22] However, there was no significant difference between acupuncture and nonacupuncture groups in gastric fullness feeling. 23 Zhou 24 summarized Chinese literature, and described an exercise called "yuchan fanlang gong" (玉蟾翻浪功) or "frog making waves," 25 which is a hunger suppression exercise from Chinese Qigong (气功), and is often used by monks during their religious fasting. This exercise is documented to be done in supine position (lying down on your back). Knees are bent to 90°. Left hand is placed on the chest, while right hand is placed on the abdominal region. Expand the chest and depress the abdomen while inhaling, and withdraw the chest and bulge the abdomen while exhaling. Then repeat the same respiratory cycle, and a set of 40 to 60 repetitions is recommended for each exercise session with a normal breathing rate. 24 In carrying out this exercise, the chest and abdomen rise and fall mimicking a frog's breathing, thus it gets the Chinese name, which means "frog making waves." It is advisable to do it only when feeling hungry, or before breakfast, lunch, and dinner. After this exercise, it is usually easy to skip a meal, or significantly reduce the amount of eaten food. 25 The authors of this study modified this Qigong exercise from the physioanatomical perspective. The purpose of this study is to research the effectiveness and potential mechanism of the modified Qigong breathing exercises in controlling patients' sense of hunger and reducing food intake for body weight management and obesity treatment. The hypothesized mechanism of this modified Qigong breathing exercises in controlling patients' sense of hunger is by changing gastrointestinal system pressure and altering gastrointestinal physiological environment and activities.
Materials and Methods
The study involved 60 people (28 men and 32 women). The following anthropometric indicators were measured: height, weight, and BMI. The criterion for participants' inclusion in the study was BMI >25 kg/m 2 . Exclusion criteria were the following: severe comorbidity, hemodynamic decompensation and carbohydrate metabolism disorders. All necessary permissions for conducting this research were obtained in Ukraine. The studies were conducted in Kiev, Ukraine in compliance with "The Convention for the Protection of Human Rights and Dignity of the Human Being with regard to the Application of Biology and Medicine" and World Medical Association Declaration of Helsinki "Ethical Principles for Medical Research Involving Human Subjects." The subjects were not compensated for participating in the study. Participants were randomly divided into 2 groups of 30 people, as experimental group and control group. Each group consisted of 14 men and 16 women.
The Modified Qigong Breathing Exercise
The exercise is recommended to be performed standing, or modified standing with trunk leaning forward and bilateral upper extremities support on countertop as illustrated in Figure 1 . Initial position: Stand up with feet shoulder-width apart, hands down along your body, or put your palms on the abdomen (Figure 1a) . Take a deep breath, squaring your shoulders, and pull in your belly at the same time. Hold your breath for 3 to 4 seconds, while keeping abdomen retracted with maximally contracting abdominal muscles (Figure 1b) . Exhale, so the shoulders go back to the starting position, while chest and abdominal muscles relax. Repeat this exercise 10 times. Note. If the stomach is difficult to draw in a standing position, for example in case of obesity, it is possible to perform the exercise with both hands resting on support (Figure 1c and d) .
Intervention
The experimental group was taught how to perform this breathing exercise before the experiment. Control group consisted of people not familiar with this technique. During the experiments, each group received corresponding instructions: abstain from food for 24 hours and when hungry perform this breathing exercise as described above (experimental group) or breath deeply (control group). Instructions for control group were as follows: Take a deep breath, squaring your shoulders. Hold your breath for 3 to 4 seconds. Exhale, so the shoulders go back to the starting position, while chest and abdominal muscles relax. The rate of deep breathing is approximately 6 to 10 breaths per minute. Repeat this exercise 10 times.
To reduce bias, the patients were told that they are participating in the distraction and refocusing experiment to study their effects on the sense of hunger. Note: In the original instructions, 25 holding the breath was not mentioned, but our experience has shown that this is very important. All subjects were warned that the exercise is only effective in the absence of food in the stomach. Drinking water throughout the day was allowed.
The effects of the intervention on the sense of hunger were evaluated using the following parameters.
Intensity of the Sense of Hunger. Data were collected throughout the day in points based on the survey results. Study participants evaluated their health over the past day the next morning. They answered how abstinence from food has affected them, their attention, comfort, performance, mood, and sociability. This impact was expressed on a scale from 0 (not affected) to 5 (fully affected). The full text of the questionnaire is provided in the appendix.
Stomach Acidity. Stomach acid-forming functions were evaluated by intragastric pH measurements before and after the modified breathing exercise (experimental group), and deep breathing (control group). Express pH monitoring was utilized to measure the basal gastric acidity. 26 Nasogastric tube was inserted into the esophagus, reaching the lower esophageal sphincter. Initial probe length was roughly determined by the distance from the patient's earlobe to the xiphoid process, or from the upper lip to the navel. Then pH measurements were performed every centimeter with further insertion of the probe. Overall, 20 pH measurements were made in 3 minutes. Then the probe was fixed and retained in the stomach for 10 minutes. After 10 minutes, the probe was partially extracted, and pH was measured every centimeter. 27 The experimental group participants were asked to perform the modified breathing exercise 10 times between the 2 sets of pH measurements. Subjects in the control group were asked to deeply breathe for 1 minute between the 2 sets of pH measurements. After 2 to 3 minutes, the study was conducted again using the same procedure. 28, 29 Highest measured stomach acidity values were used for comparing the modified breathing exercise and deep breathing results.
Pressure in the Colon. Measurements were conducted when members of the test group performed the breathing exercise. The same measurements were performed with the control group when breathing deeply. This part of the study involved 15 people from the experimental group and 15 from the control group. No patients had contraindications for this study.
To estimate intra-abdominal pressure and its dynamics, techniques proposed by Kron et al 30 and Iberti et al 31 were used by measuring the pressure in the bladder. However, this method requires aseptic urological conditions and trained personnel. Moreover, traditionally intraabdominal pressure is measured when the patient is in the horizontal position. The authors used the method of measuring intra-abdominal pressure in the colon, since it is a less demanding procedure and does not require trained urologists. Also, all participants cleaned their intestines, which greatly simplified the pressure measurements. 32 Comparability of the data obtained by different intra-abdominal pressure measurement methods was confirmed in references. 33, 34 Pressure Measurement Technique
The patients were prepared for the experiment in the following way. Prior to measurements, all research subjects cleaned their bowels by drinking Epsom salt laxative (MgSO 4 x7H 2 O) at a dose of 0.5 g of Epsom salt per 1 kg of body weight. Pressure was measured using Benetech GM510 digital manometer. Foley catheter was attached to a silicone tube connected to the manometer. Catheter was filled with water before insertion into the colon to prevent its clogging by the intestinal contents. Manometer was connected to a computer with the USB cable to record the pressure data during experiments at 1 Hz frequency. Manometer was properly calibrated before experiments.
After the insertion of the catheter into the patient's rectum to a 15-20 cm depth, 32 pressure was recorded during regular breathing in a standing position. During the next 60 seconds, the subjects of the experimental group performed the breathing exercise, and the subjects in the control group were breathing deeply. Pressure measurements were conducted in the differential mode, which allowed recording pressure change with respect to the zeroed-out value.
In fact, the front end of the catheter was located at a depth of about 15 cm, that is, in the area of the sigmoid colon, since the rectum length is 12 cm on average. 35 It is necessary to remember that during the intestinal pressure measurements, hydrostatic pressure component provides no useful information. Hydrostatic pressure only reflects the person's height and relative body position. To quantify pressure changes one needs to select the reference point, taken as the "zero value." If the subject is standing up, the manometer should be placed at sufficient height so that it measures atmospheric pressure when respiratory and abdominal muscles are relaxed after expiration. Typically, this level corresponds to the upper boundary of the stomach, at the xiphoid process of the sternum. The pressure in the intestine, measured after expiration, in a state of relaxation of the respiratory and abdomen muscles is considered "zero pressure."
Statistical Analysis
The experimental data were analyzed using the STATISTICA software package from StatSoft Inc (USA). The data are reported as the 
Results
The study involved 60 participants. Their BMI was interpreted according to the NIH weight categories and 1997 World Health Organization classification. In the study, 10 men and 12 women had BMI in the range of 25 to 29 kg/m 2 (overweight), 13 men and 15 women had BMI 30 to 34.9 kg/m 2 (first-degree obese), 4 men and 3 women had BMI 35 to 39.9 kg/m 2 (second-degree obese), and 1 man and 1 woman had BMI >40 kg/m 2 (third-degree obese). All participants volunteered to abstain from food for 24 hours as a part of the weight loss program. All participants previously tried water fasting or calorie-restricted diet. Each participant filled out a questionnaire, which assessed their health over the past 24 hours at the end of water fasting. All participants were randomly divided into 2 groups of 30 persons each. Experimental group participants were instructed how to conduct the breathing exercise, trying to avoid suggestive or leading statements. They received instructions to perform the breathing exercise for 1 minute every time they felt hungry and note any changes in how they felt.
Control group participants were not familiar with the breathing exercise. They were instructed to breathe deeply and slowly when feeling hungry and note any changes in how they felt.
Breathing Exercise Effects on the Sense of Hunger
The survey was used to collect patients' subjective data on their sense of hunger before and after each intervention for both groups. The following parameters were included in the survey: attention, comfort, operability, mood, and sociability. The experimental group consisted of patients taught how to perform the breathing exercise. The control group consisted of patients not familiar with this technique.
As seen from Figure 2 , the control group was more negatively affected by the sense of hunger compared with the experimental group. Members of the experimental group reported significant reduction of the subjective perception of the sense of hunger after performing the breathing exercise. No significant changes were reported in the control group after deep breathing.
Prolonged Fasting
Although therapeutic fasting is not the subject of this article, it should be noted that most of the participants (52 people) have used it after this study. Their abstinence from food, but not water lasted from 3 to 14 days. All participants noted high efficiency of the breathing exercise during all stages of fasting. It should be noted that the side effects of the breathing exercise included complete absence of gastric damage symptoms usually accompanying fasting. Namely, dense fur on the tongue, putrid breath, pain in the stomach, belching air and heartburn, poor tolerance of food in the first few days after fasting. Many patients with gastric and duodenal ulcer diseases felt better during and after fasting.
Breathing Exercise Effects on Stomach Acidity
The study involved 25 participants (out of a total group of 60 subjects). Of these, 10 people were in the control group and 15 people in the experimental group. pH measurements in both groups were carried out twice after the same time interval. Between pH measurements, control group participants were deeply breathing for 1 minute. Experimental group participants performed the modified breathing exercise for 1 minute.
The null hypothesis was that the stomach pH in the control and experimental groups was the same before the experiments. The P value was .9969, thus the hypothesis is accepted, and the stomach pH in the control and experimental groups is the same. After the intervention, the null hypothesis was that the pH did not change as a result of the modified breathing exercise in the experimental group. As seen in Table 1 , gastric pH practically did not change significantly in the control group. However, after the modified breathing exercise, experimental group showed an increase in gastric pH of 2.8 to 3.1 (0.2, P < .001), and the acidity level decreased by an average of 2.15 (0.6) in the experimental group (Table 1) . This change in stomach acidity is typical after a meal. The P value corresponding to the measured pH before and after the modified breathing exercise was 6.36 × 10 −6 , and the null hypothesis was rejected. Thus, the modified breathing exercise lowers the acidity of the stomach in the experimental group.
Pressure in the Large Intestine
Increased activity (or lack thereof) of baroreceptors in individual segments of the digestive system affects stomach and intestinal functions, and thus the feelings of hunger and satiety. 36 The authors studied how the intestinal pressure is changing during normal breathing and performing various exercises, including regular breathing, deep breathing, breathing exercise (in which the belly is sucked in during inhalation), retraction of the abdomen after exhaling, and when performing nauli exercise from yoga. All measurements were performed in a standing position. When breathing normally, intestinal pressure changed in the 2 to 2.5 (0.5) mm Hg range during the respiratory cycle (Figure 3a) , which corresponds to the pressure measured in hollow organs (Table 2) . 32, [36] [37] [38] [39] [40] [41] [42] It is noteworthy that during normal (Figure 3a ) and deep breathing (Figure 3b ), intestinal pressure decreases briefly only during inhalation. During the modified breathing exercise, pressure decreases more significantly and the duration of the negative pressure phase is slightly longer than during normal or deep breathing (Figure 3c ). When retracting the abdomen after exhaling, the pressure drop is twice compared with the breathing exercise, and pressure remains low as long as the abdomen is retracted (Figure 3d) . Pressure in the colon was reduced by 9 to 12 (0.5) mm Hg in the experimental group during the modified breathing exercise, and only by 0 to 1 (0.5) mm Hg in the control group during deep breathing.
This study showed high efficiency of the modified exercise in eliminating the sense of hunger during fasting. Modified breathing exercise is associated with the reduction of colonic pressure and increase in the stomach pH.
Discussion
Here are the facts observed in this study:
1. The modified breathing exercise reliably eliminated the sense of hunger. 2. Gastric acidity decreased after performing the modified breathing exercise. 3. Pressure reduction in the colon was registered during the modified breathing exercise.
Reduced sense of hunger lasted from 1 to several hours after performing the breathing exercise. When fasting for several days, patients did not experience hunger and starting from the second or third day of fasting they often forgot to perform the breathing exercise. What affected the sense of hunger? Based on the current study results, these changes are due to decreased stomach acidity and lowering the intestinal pressure. However, the authors believe that the primary effect is due to decreased intestinal pressure, since stomach pH control with antacid drugs does not affect the sense of hunger. 43 The intestinal tube is divided by sphincters (valves) into 4 sections: the esophagus, stomach, small intestine, and large intestine. There is a certain pressure differential between these sections. Valves along with gastrointestinal motility provide movement of food in one direction, its gradual absorption and digestion. 38, 39 When the pressure difference on both sides of the valve reaches a certain critical value, the valve opens and the contents moves to the lower section. 40 A valve or a sphincter is formed of special muscle tissue (smooth or striated), which allows adjusting the magnitude and/or duration of Abdomen retraction was performed after exhalation, after which the subject conducted 3 normal respiration cycles. These are representative graphs of a single subject from each group. connection between the segments of hollow organs, preventing pressure equalization. 38 During regular breathing, the pressure in the abdominal cavity changes slightly and symmetrically. During inhaling, it is reduced by 1 to 3 mm Hg, while during exhaling it is increased by the same amount. 44 Literature suggests that measured pressure in hollow intestine strongly depends on the position of the body, that is, lying or standing. 37, 38, 45 Typically, pressure data in body cavities have been obtained from patients in a horizontal position. If these patients were in the upright position, the gauge would have shown higher pressure. This additional hydrostatic pressure is equal to 0 in the upper part of the esophagus, and 35 to 45 mm Hg in the rectum, depending on the patient height ( Table 2) . 42 The traditional Chinese Qigong exercise is performed in the supine position, thus the authors modified the Qigong exercise performing position from supine to standing, to achieve a larger pressure change in the body cavities, more specifically between the valves in each gastrointestinal segment. Anatomically, because of the position of the rib cage, the effect of pressure change in colon is significantly reduced with the breathing exercise performed in the supine position. This is another way to explain why the modified breathing exercise performed in standing position is more effective at achieving pressure change in the colon. Abdominal muscle retraction is another distinctive feature of this modified breathing exercise compared with the traditional Chinese Qigong exercise, which is achieved by an isolated transverse abdominal muscles activation (musculus transversus abdominis), which are typically not affected by breathing. 46, 47 By contracting abdominal muscles, the abdominal space is actively depressed and the intestinal tubes are also depressed with higher pressure. This isometric technique is also available in yoga, called Uddiyana Bandha (Figure 4a ) and Nauli Kriya (Figure 4b ). 48 Colon pressure drops by 25 to 35 (5) mm Hg when performing Uddiyana Bandha and by 40 to 50 (5) mm Hg when performing Nauli Kriya. This explains why water is sucked into the intestines when performing these exercises in water. However, the phenomenon of pressure reduction is still not explained. Abdominal volume decrease should be accompanied by the intra-abdominal pressure increase in all hollow organs, including the intestines. There is a simple relationship between pressure (P) and volume (V), which follows the Boyle's law:
At constant temperature, the pressure in the system can be reduced only by increasing the volume. In our opinion, when performing the breathing exercise (along with Uddiyana Bandha and Nauli Kriya), descending colon (colon descendens) is subjected to tension, and its length increases, while the diameter remains constant. Thus, the overall volume of the large intestine increases, while the pressure in the large intestine decreases. 49 Change of hydrostatic pressure on the borders of ileocecal and gastroduodenal valves, determined by the position of bowel loops, is perhaps one of the reasons for reduced sense of hunger.
Conclusions
The effect of the sense of hunger on the eating behavior is undeniable. This study demonstrated that the sense of hunger can be consciously controlled. It can be significantly reduced or even suppressed. Practical application of the modified breathing experience lies in the fact that any person, who mastered it, can more effectively control their eating behavior, preventing overeating and obesity. Including the modified breathing exercise in therapeutic weight loss programs makes them more effective and attractive. Conducted experiments have demonstrated that the modified breathing exercise reduces stomach acidity, similar to the action of antacid drugs, which suppresses mucosa rejection after prolonged abstinence from food.
The following conclusions can be drawn:
1. Subjective sense of hunger was significantly lower in the experimental group, which performed the modified breathing exercise than in the control group, which performed deep breathing exercises. 2. Gastric juice acidity in the experimental group was reduced by 3 (0.2), and remained unchanged in the control group. 3. When performing the modified breathing exercise, the pressure in the colon in the experimental group was reduced by 12 (0.5) mm Hg. In the control group, the pressure change was not observed.
The study showed high efficiency of the modified breathing exercise as a way to reduce the feeling of hunger during abstinence from food. The observed effect may be coupled with a decrease in the intra-abdominal pressure and more rapid movement of the acidic stomach contents into intestines.
It should be noted that the modified breathing exercise is effective only when feeling hungry. If the patient had food before performing it, the effect was minimal or absent. Proposed breathing exercise is somewhat different from its description in the literature. 25 Experience has shown that the changes made increase its efficiency by reducing the number of required repetitions from 40 to 60 times per day to 3 to 6 times per day. The authors have observed an association between the suppressed sense of hunger and the conditions of gastric mucosa and oral cavity. The subjects who performed the modified breathing exercise had no fur on the tongue and no bad breath after a few days. Patients with hyperacid gastritis, peptic ulcers, and gastroesophageal reflux disease felt a significant improvement when performing the modified breathing exercise, even without medications. The ability to remove acidic contents of the stomach by means of the modified breathing exercise during breaks between the meals can be utilized for nondrug treatment of the diseases associated with Helicobacter pylori. 41 Perhaps some variations in the obtained results are due to the fact that we did not pay special attention to the individual characteristics of the participants, such as eating habits, taste preferences, previous eating regimen, psychological features, and so on and have only focused on identifying commonalities. Future work requires using more subtle and intelligent methods, integrating digestion physiology, neurophysiology of the subcortical center, and eating behavior psychology. The authors would also like to increase the number of participants in such a study.
The fact that excessive consumption of food is not required from the biochemical sense, allows creating medical and educational programs, where moderate and adequate nutrition is the result of rational governance of hunger. This approach is preferable to dietary restrictions, intense exercise, or bariatric surgery. This is especially true for children, adolescents, and the elderly.
